Taking vitamins and minerals to fight against the the common cold is popular in the western countries and thus it is important to find out whether they are effective or not. A large number of trials have found that regular vitamin C supplementation shortens the duration of colds and probably it is beneficial when administered therapeutically, starting soon after the onset of the symptoms. Zinc lozenges have reduced the duration of common cold symptoms when the total daily zinc doses were over 70 mg. Consequently, both vitamin C and zinc have a potential for becoming options for treating the common cold, but more research is needed to find out optimal doses and treatment strategies. The prophylactic effect of vitamins and minerals has also been examined in several trials.
Introduction
The term 'the common cold' does not denote any precisely defined disease, yet the symptoms of this illness are personally familiar to practically everybody. Although the great majority of common cold episodes are caused by the group of respiratory viruses, the symptom-based definition of the 'common cold' also covers some diseases caused by non-respiratory viruses and even some bacterial infections and allergies. The large number of etiological agents, the benign character of the disease, and the high cost of the virologic tests (e.g., $ 700 per patient in one study [1] ) mean that a functional everyday definition of the 'common cold' cannot be based on laboratory tests, but must be based on symptoms. Furthermore, a chest x-ray has no relevance in excluding pneumonia when the patient is not seriously ill.
The liberal definition of 'the common cold' has implications for research in the general community. First, it is much cheaper to count the number of respiratory-symptom episodes and the days of illness compared with searching for the etiologic agent. Second, the general community does not have access to rapid tests that reveal the cause of the disease. Therefore a treatment that is focused on a specific agent cannot be efficiently used in the community anyway. Third, the rationale for vitamin and mineral supplementation is based on the assumption of non-specific effects on the immune system and against diverse infections. Thus, the symptom based definition is particularly appropriate when examining whether vitamins or minerals have non-specific effects relevant at the public health level.
The primary focus of this chapter is on the common cold type of symptoms; however, the border between upper respiratory infections (URI) and lower respiratory infections (LRI) is ambiguous. For example, computer tomography identifies many more cases of pneumonia compared with a chest x-ray [2] , and thus a patient may have an URI simply because he or she has not been studied with sophisticated methods. In some trials all respiratory infections or all infections were combined. Those trials are not excluded from this chapter, because the great majority of infections in the general community are URI so that the wide definitions primarily measure the URI and the common cold.
Taking vitamins to improve health and the immune system is popular in the western countries.
About half of the elderly in the USA take some vitamin or mineral supplements [3] . Therefore it is important to find out whether they have effects on respiratory infections. If vitamins or minerals are shown to be effective, their use may be encouraged. If they are ineffective, their use should be discouraged. I focus on the findings of controlled trials and describe the biological rationales only to a minor extent. The P-values presented are consistently two-tailed.
Vitamin C
In the early 1970s, Linus Pauling published a meta-analysis of four placebo-controlled trials on vitamin C and the common cold and concluded that there was strong evidence that vitamin C reduced 'integrated morbidity' caused by colds, meaning the combination of incidence and severity [4] . In a second meta-analysis Pauling restricted to the two methodologically best trials, and calculated a combined P=0.001 to reject the hypothesis that vitamin C equals placebo [5-7].
Pauling's proposal that vitamin C might affect infections was not novel. Vitamin C deficiency, scurvy, is associated with a high risk of pneumonia [8, 9] , and after vitamin C was identified in the 1930s, there was much interest in its effects on infections [9] [10] [11] . In 1942, two trials with schoolchildren found that vitamin C reduced the incidence of colds and pneumonia [6, [12] [13] [14] . After the World War, the Sheffield trial examined the effects of vitamin C deprivation and found that the mean duration of colds was 6.4 days in vitamin C-deprived subjects and 3.3 days in non-deprived subjects [15] . Nevertheless, these early studies did not affect the main-stream medicine which considered that vitamin C was effective only against scurvy.
Methodologically, Pauling's work was novel as his meta-analyses were among the very first in medicine. Furthermore, he was a public figure because of his Nobel prizes in Chemistry (1954) and in Peace (1963) [14, 16] and therefore his message, spread also in popular books [17, 18] , received wide audiences. Although Pauling was unable to convince the medical community of the benefits of vitamin C, his activity led to a series of new trials. Before Pauling's first book was published [17] , only one trial had examined the effects of regular high-dose vitamin C, 1 g/day, on the common cold [7] , whereas a dozen new trials were carried out within a few years after Pauling made the issue popular (Fig. 1 ). In the mid-1970s, the interest in this issue evaporated, not because of consistently negative results, but for reasons described at the end of this section.
In his analyses, Pauling used 'integrated morbidity' -the combination of incidence and severity. However, the effects of vitamin C on the incidence and severity of colds are different and it is more useful to analyze them separately.
Incidence of the common cold
In our Cochrane review on vitamin C and the common cold, we restricted to placebo-controlled trials which used 0.2 g/day of vitamin C [24] . We used the number of participants catching a cold as the incidence outcome, and analyzed separately trials in the general community and trials with participants under heavy acute physical stress. In 24 general community trials with 10,708 participants, vitamin C had no effect on common cold incidence: RR=0.98 (95% CI: 0.95-1.00). In another meta-analysis restricting to the six largest trials which had used 1 g/day of vitamin C, the 5480 common cold episodes were divided equally between the vitamin C and placebo groups: RR=0.99 (0.93-1.04) [22] .
Thus, there is strong evidence that vitamin C does not reduce the average incidence of colds in the general western populations. However, the picture is more complex than indicated by the narrow confidence intervals of the above meta-analyses. It is possible that vitamin C affects susceptibility to the common cold under special conditions or in specific subpopulations.
In 1996 I pooled the results of three trials with participants under heavy acute physical stress and found that vitamin C halved the incidence of colds: RR=0.50 (95% CI: 0.35-0.69) [25] .
Thereafter three new trials with similar participants reported consistent results [14, 24, 26] . Four of the six trials were with marathon runners [20, [27] [28] [29] , one with Canadian troops in a short winter exercise [30] , and one with Swiss schoolchildren in a skiing camp in the Swiss Alps [7] . Thus, the conditions were extraordinary. Furthermore, even though the authors of the six papers thought that they were measuring the common cold, the etiology of the recorded respiratory symptoms is not evident. Running for hours causes severe physical stress to the airways and can cause exerciseinduced bronchoconstriction (EIB) [31] . Thus, cough and sore throat after a marathon run does not necessarily imply a viral cause. Possibly the respiratory symptoms in the six trials were caused by the combination of viral infections and EIB. In three laboratory studies vitamin C prevented EIB [32] [33] [34] . Thus, the benefit of vitamin C in the six trials with physically stressed participants may be caused by effects against both viral infections and EIB.
A further subpopulation in which vitamin C supplementation may affect common cold incidence is people who have low dietary vitamin C intake, 'marginal deficiency.' Among the western countries, dietary vitamin C intake has been particularly low in the UK [22] . In four trials with British males, vitamin C supplementation reduced common cold incidence: RR=0.70 (95% CI: 0.60-0.81) whereas in four trials with females it had no effect: RR=0.95 (0.86-1.04) [12, 22, [35] [36] [37] [38] .
Substantial divergence between sexes was also seen in two trials that reported results separately for both sexes [38] [39] [40] . The most direct evidence supporting the 'treatment of marginal deficiency' -explanation is the trial by Baird et al. as they administered only 0.08 g/day of vitamin C, yet vitamin C had significant effect [22, 38] . Modification of vitamin C supplementation effect by dietary vitamin C was also suggested by the Anderson et al. trial in Canada [41], as they found greater benefit of vitamin C for those who had low intake of juices (Table 1) ; however, their subgroup analysis was not focused on incidence but on the total number of sickness days during the trial. Anderson also found other differences between subgroups so that regular vitamin C supplementation appeared more beneficial for people who had contact with children, were often in crowds, or had often colds (Table   1) .
Duration and severity of the common cold
Regular vitamin C administration reduces the duration of colds that occur during the supplementation period. In 18 trials with 7242 adults, 0.2 g/day of vitamin C reduced the duration of colds on average by 8% (P=0.002) and in 12 trials with 2434 children by 13% (P=0.0008) [24] .
However, these P-values underestimate the differences between the study groups, because the calculations are based on the duration of symptoms. For the patient and the society, the days off work or school, or the subjective severity may be much more relevant outcomes than the period the nose is running, and vitamin C might have a different effect on different outcomes.
With 615 Swedish schoolchildren, Ludvigsson et al. [43] found that 1 g/day vitamin C shortened the symptoms of URI by just 6% (P=0.6), but the 'absence from school' because of URI by 14% (P=0.016). With 818 Canadian adults, Anderson et al. [41] found that common cold symptoms were shortened by 5% (P=0.3), but days 'confined to house' because of colds were shortened by 21% (P=0.015).
There is evidence suggesting dose-dependency in the vitamin C effect [44] . In five trials with adults administered 1 g/day of vitamin C, the mean decrease in cold duration was only 7%, whereas in two trials with children administered 2 g/day the mean decrease was four times higher, 26% [14, [44] [45] [46] . Children administered 1 g/day and adults administered 2 g/day were in the middle [44] .
This pattern of results supports dose dependency, given also the lower average weight of children.
Nevertheless, the outcomes and study conditions vary between trials hampering the comparison of different trials. The most direct evidence indicating dose-dependency was seen in the Karlowski trial with adults in which 6 g/day caused twice the decrease in common cold duration compared with the dose of 3 g/day [44,47,48]. Thus, it seems possible that trials with low doses give an underestimate of the potential benefit of vitamin C.
Therapeutic effect of vitamin C
The great majority of vitamin C trials examined the effect of regular supplementation, meaning that the vitamin was administered each day over the trial. However, if the purpose is to alleviate common cold symptoms, it is much more reasonable to administer vitamin C therapeutically, starting immediately after the first symptoms. Unfortunately, few therapeutic trials have been carried out and their results are heterogeneous. Some of the negative findings may be explained by a low dose or a short treatment of 3 days or less [14, 19, 44, 49] .
In a 5-day therapeutic trial, Anderson et al. administered 1.5 g of vitamin C on the first day and 1 g/day on the following days [42] . They found a 25% reduction in 'days confined indoors' and a 29% reduction in 'days felt feverish' (P<0.05 for both). Anderson also found variation between subgroups so that therapeutic vitamin C seemed more beneficial for people who had contact with children or low intake of juices (Table 1) . Karlowski tested 5-day therapeutic supplementation of 3 g/day of vitamin C and found that the duration of colds was decreased by 10% (P=0.10) [47, 48] . In the regular supplementation trials, the effect of vitamin C has been greater on children than on adults, but no therapeutic trials with children have been carried out.
Vitamin C is safe in high doses. For example, in a pharmacokinetic study, 100 g of vitamin C was administered intravenously over a few hours without reported adverse effects, and this led to plasma concentrations that were 100 times the level reached by oral administration of high doses concluded that vitamin C is safe in long term use in doses ranging to several grams per day [53, 54] .
Thus, there is no justification to assume that therapeutic high dose administration of vitamin C for colds for the duration of a week would cause harmful effects.
Finally, although a tablet is practical and the most common form of administering vitamin C, it is worth noting that administering vitamin C powder directly into the nose has also been suggested for treating the common cold [55] .
Mechanism of the effect by vitamin C
Proponents of evidence-based medicine emphasize that the evaluation of interventions should be based on controlled trials and not on the biological plausibility. Therefore this chapter is focused on trials. Nevertheless, dozens of studies have found that vitamin C may affect, for example, phagocytosis and chemotaxis of leucocytes, replication of viruses, and production of interferon [11, [56] [57] [58] [59] [60] . Vitamin C is an efficient antioxidant and the effects on the immune system can be explained by the protection against oxidative stress generated during infections [19, [61] [62] [63] [64] [65] . Dozens of animal studies found that vitamin C reduces the incidence and severity of bacterial and viral infections indicating that the vitamin has physiological effects on infections, and not just on laboratory measures of the immune system [66] . Furthermore, heavy physical stress generates oxidative stress [67, 68] and the antioxidant role of vitamin C can thus explain also its effects on respiratory symptoms in physically stressed people.
Problems in influential papers on vitamin C and the common cold
Given the evidence by 1975 indicating that regular 2 g/day vitamin C reduces the duration and severity of colds, at the level of P=0.000002 [69] , it is puzzling that major textbooks have rejected the possibility that vitamin C might be beneficial against colds [14] . The interest in vitamin C and colds disappeared in the middle of the 1970s (Fig. 1 ). This waning interest was caused by the publication of two negative reviews in wide-circulation journals [70, 71] and a particularly influential trial, carried out at the National Institutes of Health and published in JAMA, which concluded that the apparent benefit of vitamin C was explained by the placebo effect [47] . Furthermore, the Karlowski trial [47] and the Dykes and Meier review [71] were published in the same issue of JAMA, and Thomas Chalmers, a pioneer of controlled trials, was both the principal investigator of the Karlowski trial [47] and the author of the other review [70] . For such reasons this package of three papers from 1975 still has great impact on discussions on vitamin C and the common cold.
Chalmers' 1975 review [70] contains a large number of serious errors, such as the data was inconsistent with the original published data, there were errors in calculation, the selection of trials was inconsistent, and in some trials a clinically less meaningful outcome was selected [72, 73] Some other reviews on vitamin C and the common cold [80, 81] are also biased [69, 82, 83] .
However, their impact in the medical literature is far lower than that of the three papers from 1975 described above. Nevertheless, the problems in these other reviews also show that there is wide spread bias against the potential benefits of vitamin C against the common cold.
On his part, Pauling was too optimistic of the potential benefits of vitamin C [44,49,84]. The benefit in the two methodologically best trials analyzed by him [5] can be explained by the low dietary vitamin C intake during the war years in the USA [6] and heavy acute physical stress [7] , and, while those findings probably reflect real biological effects, they cannot be extrapolated to the general western communities. Nevertheless, Pauling was correct in his conclusion that the effects of vitamin C are not limited to preventing scurvy.
Vitamin E
Vitamin E has diverse effects on the immune system, which have been assumed to be beneficial [60, 85, 86] . However, in two studies vitamin E supplementation reduced the bactericidal activity of leukocytes indicating that it can also cause harms on the immune system [87, 88] . In dozens of animal studies vitamin E protected against viral and bacterial infections [66] ; but increased the severity of infections in a few [89] [90] [91] .
Two trials examined the effect of 200 mg/day vitamin E on acute respiratory infections in people older than 60 years [92, 93] . Graat et al. carried out a 15-month trial with 652 noninstitutionalized Dutch people [92] . Vitamin E had no effect on the number of respiratory infections, but, paradoxically, it made the episodes more severe. In the vitamin E group, there were more participants with fever (P=0.009) and restriction of activity (P=0.02), and the median number of symptoms was higher (P=0.03) and the total duration of illness was longer (P=0.02). Thus, vitamin E was harmful for this population and the trial should not be dismissed when considering the potential harms of vitamin E supplementation [94] .
Meydani et al. carried out a one-year trial with 617 nursing home residents in the USA [93] .
They reported the intention-to-treat results, favoured by biostatisticians, in table 3 calculating 13 separate comparisons between the vitamin E and placebo groups. Thus, the table is an example of the multiple comparisons problem. If we calculate 20 statistical tests, when no real difference exists, random variation generates on average one false positive finding, P<0.05. The 13 calculations found only one significant difference and very marginally so: P=0.048 [93] . Therefore the variations in their table 3 are explained by chance, yet the authors made an unjustified extrapolation that vitamin E supplementation would lead to "more than 5 million fewer elderly nursing home residents contracting upper respiratory infections in a year" in the USA [95] .
The large scale ATBC Study with 29,133 Finnish male smokers examined the effects of 6-year vitamin E supplementation [96] . Vitamin E, 50 mg/day, had no overall effect on common cold incidence: RR=0.99 [97] . However, there was heterogeneity so that age and smoking modified the effect of vitamin E (Fig. 2, Table 2 ). In the young and less smoking males vitamin E increased the incidence of colds. In the old males, the effect diverged so that vitamin E increased the incidence of colds in heavy smokers but reduced it in those who smoked less. Smoking also modified the effect of vitamin E on pneumonia risk, reducing the risk in those who were least exposed to smoking [99] .
Heavy exercise causes oxidative stress and, as an antioxidant, vitamin E might protect against it [67, 68] . In the ATBC Study, vitamin E had no effect on the incidence of colds in those who exercised at their leisure time [100] but halved the incidence of pneumonia [101] .
Thus, in the ATBC Study vitamin E supplementation increased, decreased or had no effect on the incidence of the common cold, depending on age and the level of smoking. The numerical estimates of Table 2 are less essential than the evidence of heterogeneity. When the effect of vitamin E depends on the characteristics of people, the estimates of intervention effect obtained in a trial or a subgroup cannot be confidently generalized to other population groups.
The firm evidence of heterogeneity in the effect of vitamin E on respiratory infections refutes the notion that it is noneffective for all people. Nevertheless, the effect of vitamin E on the common cold is modest even in the old and less smoking males (Table 2) . Considering the cost of taking supplements over a year, and the mild character of the disease occurring less frequently than once per year, it does not seem justified to propose any people to take vitamin E to prevent respiratory infections. Furthermore, vitamin E has increased the incidence and severity of respiratory infections in some population groups (Table 2 and [92] ). Nevertheless, further studies with old people are warranted.
-Carotene
The carotenoids is a group of hundreds of pigments that are widespread in plants, of which only about a dozen occur in human food. -Carotene is important as a precursor of vitamin A, but there is also interest in the effect of -carotene per se on health. -Carotene has effects on the immune system and it has been considered potentially beneficial for improving the immune system in aged people [60, 85, 102, 103] . However, few controlled trials have examined the effect of -carotene on infections.
In the ATBC Study, 20 mg/day -carotene had no overall effect on the incidence of the common cold: RR=1.00 [97] . Nevertheless, there was significant age-and smoking-dependent variation in the -carotene effect. In the young and less smoking participants and in the old heavily smoking participants, -carotene increased the incidence of colds, but had no effect in other subgroups (Fig. 3, Table 3 ). Smoking also modified the effect of -carotene on pneumonia risk [99] .
In several multivitamin-multimineral trials with old people, -carotene was one constituent of the supplements in the range of 1.2 to 6 mg/day (next section). These trials did not find benefit of supplementation, which refutes the notion that increasing -carotene intake might effectively reduce respiratory infections in old people.
-Carotene is an antioxidant and potential benefits might be emphasized in physically stressed people. In the ATBC Study, -carotene increased the incidence of colds in males who exercised heavily at leisure: RR=1.25 (95% CI: 1.09-1.44) [100] . In physically active ATBC Study participants, -carotene nonsignificantly increased pneumonia risk [101] .
Two large trials found that -carotene supplementation increased mortality of people who had been smoking cigarettes or exposed to asbestos [96, 104] . Given the harmful effects ofcarotene, as seen by the increase in respiratory infections and mortality, self-supplementation should be discouraged. There should be firm justification for further trials exposing people to it.
Multivitamin and multimineral supplements
If a multivitamin-multimineral supplement has no effect on infections, it seems justified to argue that there is a lack of effect by each constituent of the supplement. Another way to interpret a negative finding is to assume that some constituent is beneficial, whereas some other constituent(s) annuls that benefit, but such reasoning requires explicit supportive evidence. In contrast, if a multivitaminmultimineral group does differ from the placebo group, we cannot draw specific conclusions because the effect can be caused by any single substance or the combination of several of them together. In this respect the implications are quite different when the result of a multivitamin and multimineral trial is positive or negative.
The multivitamin-multimineral trials have examined old people with the rationale that nutritional supplements, and antioxidants in particular, might prevent the decline in immune functions of the aged [85] . The frequently cited multivitamin-multimineral trial by Chandra [105] is excluded because a later paper based on the same data was shown to be fabricated and severe suspicions of the original 1992 paper were also expressed [106] [107] [108] .
The definition of infection outcome has been variable in the trials of Table 4 . Whereas Liu et al. separated URI and LRI [114] , the majority of the trials combined all respiratory infections or all infections together. However, the majority of infections in the general community consists of URI, and therefore the group of all infections largely reflects the incidence of the URI.
There is a nearly uniform lack of benefit from multivitamin and multimineral supplementation against respiratory infections (Table 4) . Girodon et al. found reduction in infections by the combination of zinc and selenium [110] . However, no effect of zinc and selenium was found in the larger trial by the same authors [111] , or in trials which included zinc or/and selenium in their supplements [92, 109, 113, 114] .
Another positive result was by Barringer et al. with type 2 diabetics [112] . The effect of vitamin E was divergent between participants who had diabetes and those who did not have (Table   4) . Still, the results are odd. Among the non-supplemented participants, infections were more common in the diabetic participants: 92% (25/27), compared with the non-diabetics: 60% (24/40), which is reasonable because susceptibility to infections is higher in diabetics. However, the incidence of infections was substantially lower in supplemented diabetics: 17% (4/24), than in supplemented non-diabetics: 59% (23/39). This is illogical because it means that supplementation would make diabetics more resistant to infections than non-diabetics. Thus, Barringer's findings with the small number of diabetics (n=51) should be considered as a justification for further trials but not for supplementing diabetics with vitamins.
Excluding the two positive findings leaves no evidence that multivitamins and multiminerals would influence the risk of respiratory infections in old people (Table 4) . Furthermore, following the argument of the first paragraph of this section, these trials also indicate that none of the following substances has a substantial effect on respiratory infections in the old people: vitamin D, folic acid, vitamin A, thiamin, riboflavin, niacin, pyridoxine, panthotenic acid, cyanocobalamin, iodide, iron, calcium, magnesium, manganese and copper, because they were included in the supplement of four or more of the trials in Table 4 .
The findings of the trials in Table 4 indicate that there is so far no justification to supplement old people with vitamins for the purpose of reducing respiratory infections. Nevertheless, the heterogeneity seen in the ATBC Study complicates this question (Figs 2 and 3) . Vitamin E andcarotene had no effect in participants who were somewhat over 60 years, whereas both substances had significant effects on those who were over 70 (Tables 2 and 3 ). The multivitamin-multimineral trials of Table 4 are small, with a maximum of 1809 infection episodes recorded in Avenell's trial [113] . In contrast, Fig. 2 is based on 55,770 common cold episodes providing statistical power to carry out subgroup analyses of age-dependency. Thus, there is justification to study the effects of vitamin E in old people, even though the multivitamin supplements containing vitamin E did not find any benefit for old people (Table 4) .
Zinc
Zinc deficiency affects the immune system and increases the risk of infections. In developing countries zinc supplementation has reduced the risk of childhood pneumonia [115] [116] [117] and in Turkey zinc reduced the risk of the common cold in children [118, 119] . Although these studies indicate that the level of zinc intake has clinically important effects on the immune system, the findings cannot be extrapolated to developed countries. For example, multivitamin-mineral supplements containing 10-22 mg/day zinc had no effect on the incidence of respiratory infections in old people (Table 4 ).
In developed countries the interest in zinc for treating the common cold is primarily based on the rationalization that zinc lozenges may cause local effects in the oral cavity. The research on zinc lozenges for treating the common cold started from a serendipitous observation that colds of a young child with leukemia disappeared when she started to dissolve therapeutic zinc tablets in her mouth instead of swallowing them [120] .
Zinc has various effects on the immune system [121] , inhibits the replication of rhinovirus and respiratory syncytial virus [122] [123] [124] , and enhances the effect of interferon [125] . Non-immune mechanisms have also been proposed to explain the effect of zinc lozenges on the common cold [126, 127] . For the interpretation of the controlled trials with zinc lozenges, the most essential hypothesis is that the level of free zinc ions is a crucial determinant of efficacy [128] [129] [130] [131] [132] [133] . Table 5 lists the placebo-controlled trials in which the effect of zinc lozenges on natural common cold infections was studied. The trials are ordered by the calculated total daily dose of zinc from the lozenges. The reporting of outcomes is somewhat variable, but most trials reported the average duration of colds. The table shows that a large proportion of the variation in the results can be explained by the zinc dosage. None of the five trials that used less than 70 mg/day of zinc found effect, whereas seven of the eight trials that used over 70 mg/day of zinc found significant benefit of the lozenges. Evidently, the 70 mg/day should not be considered as a biological limit, instead it is a pragmatic limit for analyzing the trials by zinc dosage.
Effect of zinc lozenges on the duration of common cold symptoms
In Table 5 the dose-response relation is examined using the total zinc dose as the explanatory variable. However, this is a simplification because several of the lozenges contained substances which bind zinc ions, such as citrate, reducing the free zinc ion levels. This argumentation has been elaborated in detail by several authors [128] [129] [130] [131] [132] [133] and the arguments are not repeated here. Martin assumed that chewing a zinc-citric acid lozenge would decrease the pH of saliva down to 2.3, and citrate does not form a complex with zinc ion at such a low pH [130] . However, Zarembo et al. studied the saliva of 18 human subjects, and chewing zinc-citrate lozenges resulted in saliva pH ranging between 3.2 and 5.0 [144] . Martin calculated that, in the presence of 2% citric acid in a solution at pH 5.1, only 1.5% of zinc is in the form of unbound zinc ions, which underscores the problem of complex formation [130] .
The solution chemistry of zinc complexes gives further explanations for the variations between the zinc trials. Godfrey et al. [135] administered a particularly high dose of zinc, but glycinate in the lozenge bound 80 to 90% of the zinc ion to complexes [131] [132] [133] , which can explain the rather small benefit compared with the other trials using high zinc doses (Table 5 ). The lozenge of Douglas et al. [141] contained tartaric acid which effectively binds zinc [131, 133] .
Two controlled trials examined the effect of 23 mg zinc lozenges on experimental rhinovirus colds. Whereas Al-Nakib et al. [145] found significant benefit of the zinc lozenges, Farr et al. found no benefit [146] . The lozenge of Farr contained 2% citric acid which bound essentially all zinc ions, whereas the lozenge of Al-Nakib did not form complexes of zinc ions, and this difference in the composition of lozenges can explain the divergence in the results [130] [131] [132] [133] . Although the solution chemistry calculations of free zinc ion concentrations give further explanations to the variations between trials, the power of dose-response analysis can be seen even by counting the total dosage of zinc (Table 5) .
Concluding from Table 5 , the benefit of zinc lozenges can be obtained with substantially lower doses than Eby used in the first trial with zinc gluconate lozenges [120] . Four trials used zinc doses in the range of 80 to 90 mg per day and observed significant benefit from the lozenges. Three of these trials used lozenges containing zinc acetate [136, 137, 140] which does not involve the problem of forming zinc complexes [133] .
New trials should confirm the benefit of zinc lozenges in the dose range of 80 to 90 mg per day and examine whether benefit could be obtained with even lower doses with lozenges that do not contain substances that bind zinc ions. With the available evidence, a patient suffering from the common cold can test the effects of zinc lozenges as a personal experimentation.
Safety of zinc
In the controlled trials zinc lozenges have caused acute adverse effects, such as bad taste. However, none of the common cold trials reported long term harms caused by the zinc lozenges. High dose zinc supplementation, 150 mg/day, has been administered for therapeutic purposes over months and years [147] [148] [149] . Copper deficiency has been reported as a consequence for some patients because of several years of high-dose zinc supplementation [148, 149] . However, a six-week study did not find any detrimental effects of 150 mg/day of zinc on plasma copper levels [150] . Consequently, there does not seem to be any reason to assume that treating the common cold for a week with doses that have been used in the zinc lozenge trials might cause unanticipated long term harms. As regards the bad taste and other acute effects, the patient can simply stop taking the lozenge if such discomforts are annoying.
Nasal sprays or gels of zinc have also been studied for treating the common cold and some studies reported benefit. However, several cases of long lasting or permanent anosmia have been reported as a consequence of intranasal zinc administration [151, 152] . Given the benign character of the common cold, anosmia is an unacceptable adverse effect. Nasal application of zinc should be discouraged, unless application methods will be developed that do not involve the risk of anosmia.
Reviews on zinc and the common cold
Given the number of placebo-controlled trials reporting highly significant benefit of zinc lozenges for treating the common cold (Table 5) , it is puzzling that some reviews have concluded that there is no evidence that zinc would be beneficial against colds.
Jackson et al. [153, 154] searched the literature on zinc and the common cold and found statistically significant heterogeneity between the trials. They calculated a pooled estimate of effect, although firm evidence of heterogeneity introduces serious doubt about the relevance of any one overall estimate. Instead, the main focus should be on trying to understand the sources of heterogeneity [155] . Although Jackson noted that some of the negative results might have been caused by low zinc availability, they did not carry out subgroup analysis by zinc doses. Jackson et al.
concluded that their "meta-analysis suggests that the evidence of zinc effectiveness is still lacking" [154] , which is based on their inappropriate pooling of the low and high dose trials together.
In their systematic review, Caruso et al. identified 14 zinc trials [156] . They used the quality scoring approach so that for the identified trials they gave one point for each of 11 quality items if it was satisfied. Four of the identified trials reached the maximum of 11 points, two reached 10 points, and eight trials reached 8 points or less. In two tables and one figure, Caruso et al. described the distribution of quality scores and the individual quality features of the trials. They proposed that the positive findings with zinc could be explained by methodological faults.
The approach to evaluate trial quality by a set of explicit criteria was initiated by Chalmers et al. in the early 1980s [157] and thereafter dozens of quality scales have been developed. However, the approach was not successful and it is discouraged for example in the Cochrane Handbook, which states that "the use of scales for assessing quality or risk of bias is explicitly discouraged in Cochrane reviews. While the approach offers appealing simplicity, it is not supported by empirical evidence" [158] .
One major problem of quality scoring is the focus on reporting in contrast to the scientific quality of the trial. For example, Caruso et al. give one point if there was "measurement of dropout rate" in the trial. This means that a trial can report high dropout rate, which means low scientific quality, yet the trial gets one point from Caruso et al., because the high dropout rate was reported explicitly. Caruso et al. give one point for "sample size calculation" which is important when a trial is planned, because it can show that the planned trial is too small, whereas it is irrelevant after the trial is published, because then the confidence interval reveals the accuracy of the result. Most of Caruso et al.'s remaining nine quality items have similar problems.
Although it is important to consider the methods of a trial, there are no simple criteria which describe that a trial is reliable or not. In a meta-analyses of 276 randomized controlled trial, Balk et al. concluded that "double blinding and allocation concealment, two quality measures that are frequently used in meta-analyses, were not associated with treatment effect" [159] meaning that valid estimates of treatment effect can be reached without them. Furthermore, Glasziou et al. pointed out that firm conclusions of treatment benefit can be drawn even without any control groups [160] .
Finally, Caruso et al. did not discuss the possibility that the dose of zinc might have an effect on trial results, nor did they refer to any of the numerous papers that discussed the possibility that the level of free zinc ion might be important [128] [129] [130] [131] [132] [133] 161] .
Thus, the conclusions from Table 5 diverge from the conclusions of two groups of earlier reviewers, but there are reasonable explanations for the divergence in the conclusions.
Bias against vitamins and minerals
In the early 1970s, there was academic interest in the effect of vitamin C on the common cold, but then the interest vanished (Fig. 1) . The evaporation of interest can be traced to three influential papers published in 1975 [47, 70, 71] . Although the three papers are severely biased, they have been used singly or as a doublet, for example, as references in nutritional recommendations, in textbooks of medicine, infectious diseases, and nutrition when authors argued that vitamin C has been shown to be useless for colds [48, 69, [72] [73] [74] [75] [76] [77] [78] [79] . For example, the American Medical Association based its official statement that "One of the most widely misused vitamins is ascorbic acid. There is no reliable evidence that large doses of ascorbic acid prevent colds or shorten their duration" wholly on Chalmers' 1975 review [162, p 1934] .
Bias against zinc lozenges is seen, for example, in Caruso et al.'s recent review [156] , which focused on methodological features, mostly irrelevant to trial validity, without even presenting the study results. Furthermore, they stated that a "common deficiency [in the zinc trials] was proof of blinding which was lacking in 7 studies. The placebo effect in the treatment of colds was first shown >70 years ago and has since been demonstrated in subsequent studies". As a justification for this statement, Caruso et al. referred to the doublet of the Karlowski trial [47] and the Chalmers review [70] , although they knew that the two papers were erroneous, because I pointed that out in a criticism of their earlier biased review on echinacea and the common cold [163, 164] .
Prejudice against nonconventional treatments is not limited to the common cold. Bias against vitamin C was documented by Richards who compared the attitudes and arguments of physicians to three putative cancer medicines: 5-fluorouracil, interferon, and vitamin C [165] [166] [167] [168] [169] .
Goodwin and Tangum [170] provided several examples to support the conclusion that there has been systematic bias against the concept that vitamins might be beneficial in levels higher than the minimum required to avoid classic deficiency diseases: "Throughout much of the 20th century, American academic medicine was resistant to the concept that micronutrient supplementation might prove beneficial. This resistance is evident in several ways: (1) by uncritical acceptance of bad news about micronutrient supplements; reports of toxic effects were rarely questioned and widely quoted;
(2) by the scornful, dismissive tone of the discussions about micronutrient supplementation in textbooks of medicine, a tone avoided in most medical controversies; and (3) by the sceptical reaction greeting any claim of efficacy of a micronutrient, relative to other therapies; indeed, most claims were simply ignored."
Although the proponents of evidence-based medicine emphasize the primary importance of controlled trials as the source of reliable knowledge of treatment effects, the possibility of biologically rationalizing the method usually has a great importance [171] . Goodwin and Goodwin [172, 173] reviewed several cases in which an effective method of treatment was erroneously rejected due to a lack of understanding of the physiological mechanism of the effect. They designated this problem 'the tomato effect', since the tomato was considered poisonous in the USA in the 1700s because several other plants in the same family were poisonous: "The tomato effect in medicine occurs when an efficacious treatment for a certain disease is ignored or rejected because it does not 'make sense' in the light of accepted theories of disease mechanism and drug action." Finally, in a paper discussing great scientific discoveries, Barber [174] However, few therapeutic vitamin C trials have been published, and none with children although regular vitamin C has greater effect on children than on adults. In the controlled trials, the largest doses were 6 g/day for adults and 2 g/day for children and such doses may be safely tested as a treatment option by common cold patients.
The results of zinc lozenge trials have diverged, but the divergence is explained largely by the variation in dosage, so that doses over 80 mg/day have quite consistently reduced the duration of colds. Zinc lozenges have caused high frequency of adverse effects, such as bad taste, but there is no evidence that zinc lozenges would cause actual long term harm. A large proportion of trial participants remained without adverse effects and consequently zinc lozenges might be useable by them.
Thus, both vitamin C and zinc supplementation have a potential for becoming options for treating the common cold. Both of them are safe in the doses that have been tested, there is strong evidence that they differ from placebo, they are inexpensive and, unlike the antibiotics [175] , they do not cause harms on microbial ecology.
In the case of vitamin C and zinc, the most reasonable approach would seem to be to test them at the individual level so that the patient decides whether the benefits are worth the cost, the side effects and the involved efforts. This kind of approach is not different from ordinary treatments for acute medical problems in the community. Although a controlled trial can show that an analgesic differs on average from a placebo, it is the patient who decides whether a particular drug is effective for him or her. Thus, experimentation at the individual level may be encouraged, yet simultaneously more research is needed on vitamin C tablets and zinc lozenges to find out optimal doses and treatment strategies.
Vitamin C has no prophylactic effect in the general community, but it may reduce the incidence of respiratory symptoms in restricted population groups such as people under heavy acute physical stress and people who have particularly low dietary vitamin C intake. The effect of vitamin E on the common cold incidence is heterogeneous which means that it is not ineffective over all the population. Nevertheless, further studies are needed to specify the population groups that might possibly benefit from vitamin E supplementation.
Vitamin D and folic acid have been constituents in five multivitamin supplements that have been tested for old people. Those supplements did not prevent respiratory infections implying that vitamin D and folic acid do not have substantial preventive effects against respiratory infections.
There is no evidence suggesting that -carotene would be beneficial against the common cold, whereas it increased mortality in two large-scale trials, and therefore self-supplementation should be discouraged.
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